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SWMARY

An investigation was conduct- in the Langley high-speed 7- by
10-foot tumnel to determine the effects of vsmying the horizontal-tail
position relative to the wing chord plane on the aerodynamic chsracter-
istics in pitch of a general res~ch model having a 45° sweptback wing
of aspect ratio 4, taper ratio 0.30, and NACA 65AO06airfoil sections.
me investigation also included the effects of a whg modification con-
sisting of a full-span lesding-edge flap deflected 6° and an outbosrd
psxtial-span chord-extension. The test Mach numbers ranged from 0.40 to
0.93 and the corresponding Reyaolds nmnbers ranged frcm about 2,000,000
to 3,000,000.

h the rsmge of horizontal-tail positions investigated, the most
desirable pitching-mcment charactiistics obtaind, either with or with-
out the wing modification, were with the lowest tail position (0.139 semi-
span below wing chord plane extended). The wing modification provided
considerable improvement in pitching+nnent characteristics for tail posi-
tions above the chord plsme extended. The improvements obtained at Mach
nmnbers nesr O.gO were much smaller, however, than those obtained at
lower Mach nuuibers.

INTRODUCTION

Very comprehensive studies of the effects of horizontal-tail posi-
tion on the overall longitudinal stability ctiacteristics of cmnplete
airplane configurations have been conducted at low speeds (refs. 1 and 2),

%rpersedes declassified NACA Resesrch Memorandum L53m6 by
Willism D. Morrison, Jr., and Willism J. Alford, Jr., 1953.
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but at the present time knowledge of
sonic speeds is quite limited.

tail-position

This investigationwas performed to determine

NACA TN 3972

effects at high sub-

the effects of
horizontal-tail position relative to the wing chord plane on the longi-
tudinal stability characteristic of a general research model at Mach
nunbers frm 0.40 to 0.93. The wing used in this investigation had 45°
of sweep, an aspect ratio of 4, a taper ratio of 0.3, and an NACA 65AO06
airfoil section. At each tail position, tests were made of the model
with the basic wing and of the model with a wing modification consisting
of a full-span lesding-dge flap deflected 60 and an outboard psrtial-
span chord-extension. This particular wing modification was developed
during a previous investigation (ref. 3) of the ssme model without tail
surfaces and is not necessarily the optimum wing modification with tail
surfaces added.

COEFFICIENTS AND SYMBOLS

All data are presented about the wind axes. Unless otherwise spec-
ified, all pitching+nanent data are referred to the quarter chord of the
mean aerodynamic chord. Coefficients we
area of 2.25 square feet.

CL lift coefficient, Lift/qS

CD drag coefficient, Drag/qS

% pitching-moment coefficients

‘@ lb/sqdynsmic pressure, ~

P mass density of air, slugs/cu

v free-stream velocity, fps

M Mach number

a angle of attack, deg

s wtig srea, 2.25 sq ft

c local wing chord, ft

based on the original wing

Pitchingmaent/q~

ft

ft

2

J

b/2
wing mean aerodynamic chord, C2

Z’.
dy, ft

—

—
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horizontal-tail mean aerodynamic chord, ft

R

Y

ZH

it

Spsn of wing, ft

tail length (measured fran 0.25 wing mean aerodynamic chord
to 0.25 mean aerodynamic chord of horizontal tail), ft

Reynolds number

spanwise distance frcsnplane of syrmnetry,ft

horizontal-tail position (positive tail position above chord
plane extended), percent wing semispan

angle of horizontal-tail setting (measured with’respect to
fuselage center line), deg

MODELS AND APFKRATUS

The ccmplete research model of this investigation is shown mounted
on the sting support in the Langley high-speed 7- by 10-foot tunnel in
figure 1. Except for the addition of the tail assembly, the model is
the ssme as that used for the tests reported”in reference 3. The fuse-
lage was a body of revoltiion - the center line being the reference for
all flap and tail angles. Ordinates of the fuselage are given in table 1.
A drawing of the model with horizontal.tail located at ~ = 25.6 percent
wing semispan is shown as figure 2. The vertical tail shown in figure 2
was used only in conjunction with the horizontal-tail position shown
therein. For the lower horizontal-tail positions, the vertical tail was
replaced by a small tail-support fitting. (See fig. 3.) In figure 3
configurations A, B, and C!refer to tail positions ZH of -13.9, 13.9,

and 25.6 percent semispan, respectively. A tail position of 13.9 percent
wing sanispan above the chord plane extended was obtained with the tail-
support fitting attached at the top of the fuselage. By rotating the
tail cone through 180°, the tail could be located 13.9 percent wing semi-
span below the chord plane extended. Frovision was made to test the model
with horizontal-tail angle settings of -3°, 0°, and 3° at each tail posi-
tion. (Zero tail incidence was not used for the tail located at 25.6 per-
cent w~ semispan above the chord plane etinded. ) The tail length
renained constant for all tail positions.

The basic wing of this investigation had 45° of sweepback referred
to the quarter-chord line, an aspect ratio of 4, a taper ratio of 0.3,

.-

and an NACA 65AO06 airfoil section measured parallel to the free stream.
The wing was of a solid almninmn construction. The model was fitted



with a deflectable full-span leading-edge flap with hinge line at 0.2Qc
.

of the basic wing. The portion of the le~ing-edge flap extending frun
0.65b/2 to the wing tip could be remov@d and reattached through an insert

z-

to provide an outbosrd leading-edge chord-extension of O.1OC. One series
-

of tests of the model was made with the basic wing, and a second series
of tests was made with the model having a wing modification consisting
of 6° deflection of the leading-edge flap in ccznbinationwith the out-
boerd chord-extension.

The model was tested on the sting-support system shown in figure 1.
With this sting support, the model can be remotely pitched through an
angle-of-attack rsnge of 28°.

Forces and mcxuentswere measured by means of an electrical.strain-
gage balance system located within the mciielfuselage.

The variation of the mean Reynolds number (based on 5) with Mach
number is presented as figure 4..

CORRECTIONS

Tunnel blockage corrections were determined by the method of refer-
..

ence 4 and were applied to the Mach numbers and dynamic pressures. Jet-
boundary corrections, applied to both the—&gle of attack and drag, were
determined by the method of reference 5.

P
Jet-boundsry corrections to

pitching mcnnentwere found to be negligible and hence were not applied.

The drag data have been corrected to correspond to a pressure at
the base of the model.equal to free-strefi static pressure. For this
correction, the base pressure was determined by measuring the pressure
inside the fuselage at a point about 9 inches forward of the base. For
a more detailed explanation of this correction, see reference 3.v

The angle of attack has been corrected for deflection of the sting-
support system under load. Possible aeroelastic effects of the wing
and tail combinations have not been evaluated; however, wing-alone
effects have been evaluated and may be found in refermce 3.

No tsre corrections were applied to these data. FTevious investi-
gations have shown that the tare corrections to ltit and pitching mcment
are negligible for the wing-fuselage caubination, but the effects of
adding the horizontal tail as yet have not been thoroughly investigated.
Limited ixxretests, with a yoke sting setup, have indicated that the
ma~or effect would be a small trti chsmge with little effect on the

.

stability.
@
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RESUGTS MD DISCUSSION

.

.

The basic data of this investigation obtained for three horizontal-
tail positions and horizontal-tail settings, with ad without the wing
leading-edge mciiification,exe presented as figures 5 to 12. (Data were
not obtained at zero incidence for the tail located at 25.6 percent semi-
span above the wing chord plane extended.) In order to expedite the
publication of these data, only a very brief analysis of the pitch char-
acteristics is included. No attempt has been made to evaluate downwash
characteristics, although the data obtained with the different horizontal-
tail settings, along with the tail-off data of reference 3, will permit
such evaluations. An smalysis of the lift, drag, and lift-drag ratios
for the wing-fuselage combination, with and without the leading-edge
modifications considered herein, may be found in reference 3.

b using the data presented in the present paper, consid=ation
should be given to the f=t that the vertical tail was used only in
conjunction with the horizontal-tail position ZH = 25.6 percent semi-
span. Because of the absence of the vertical tail for the test involving
the two lower positions of the horizontal.tail, the drag data are not
considered to be directly cunparable for all tail positions. It is
believed, however, that smy possible influence of the vertical tail on
lift and pttching+ncraentcharacteristics is @ secondary importance.

The pitching-mcmmnt characteristics obtained with a horizontal-tail
setting of -3° and with each of the tail positions are sumneriZSd and
ccmpared with the tail-off results frcm reference 3 in figure 13. The
results are presented with reference to sn assumed center-of-gravi@
location of 0.25~ (as was used in presenting the basic data) and with
reference to an assumed center-of-gravity location at 0.35t?. Mach num-
bers of 0.80 smd O.gO are considered.

For the range of tail positions investigated, lowering the horizontal
tail resulted in a reduction in the severity of the pitch-up tendency at
the high lift coefficients. Addition of the wing leading-edge modifica-
tion, for smy of the tail positions investigated, was very effective in
reducing the high-lift pitch-up and in increasing the lift coefficient
at which the pitch-up occurs; however, the effectiveness of the leading-
edge modification becsme smaller as the tail was lowered. Neither the
variation of tail position nor the addition of the wing lesdhg-edge
modification affected the low-lift stability to any appreciable depyee.

The data presented at a Mach number of 0.80 are, in general, repre-
sentative of the lower Mach nmber results for which the effectiveness
of the wing leading-edge modification in improving high-lift stability
characteristics is relatively high. The effectiveness of the wing modi-
fication was considerably smaller at a Mach nunber of 0.9., although scme
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advantage - partic~l.y, with regard to the lift coefficient at which
pitch-up OCCU3?S - still is indicated.

The basic data (figs. 5 to U?) show that improvements in lift and
drag characteristicsresult from use of the wing leading-edge modifica-
tion smd are of about the ssme magnitude as those indicated for the wing-
fuselage combination in reference 3.

CONCLUSIONS

An investigation of the effects of hoTizonta.1-tailposition relative
to wing chord plane and a wing leading-edge modification, consisting of
a ftil-spa fwp w an outbowd putiql-~p~ ch~d--tensi~~ on the
aerodynamic characteristics in pitch at high subsonic speeds of a mcdel
with a 450 sweptback wing indicate the following:

1. For the rsmge of horizontal.-ta<lposition investigated, the
lowest tail position (13.9 percent Wfig SW.IiSPSZIWow the Chad p~e
extended) provided the most desirable krbaticpitching-manent character-
istics for either the basic or modified wing.

2. The wing mcdificatim provided considerable hnprovement in
.

pitching-mcxnentchsxacteristics for the tail positions 13.9 ad 25.6 per-
—

cent wing semispan above the chord plane extended. These tiprovements
were much smaller at Mach numbers near O.~, however, than at lower Mach

K

numbers.

Langley Aeronautical Laboratory,
National Advisory Ccmmittee for Aeronautics,

Lsmgley Field, Vs., April 30, 1953.
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TABLE 1,

FUSEIAGE ORDINATES

[wsic fineness ratio 12; actual fineness ratio 9.8 achieved

by cutting off rear portion of be@]

Ordinates, in.

x r

o 0
.30 .139
.45 .179

●75 .2>7
1.50 .433
3.00 ● 723
4.50 .968
6.00 I..183
9.00 1.356
12.oo 1*854
Is.00 2.079
18.00 2.245
21.00 2.360
24.oo 2.438
27.00 2.486
30.00 2.500
33 ● 00 2.478
36.00 2.4ti
39.00 2.305
42.00 2.137
49.20 L 650

L.E. radius = 0.030 in.

,

*
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Figure 3.- Drawing of the tail assembly of a general research model showing three positions of
the horizontal tail. KU dimensions are in inches. Tail length 1 of 22.01 inches common

to all tail JPsitiona; mm? horizontal tail used for all tail positions. F
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&=2.56% it= 3°

0 LE. exfension mo’deflection
❑ Clean wing

I I I I I I I 1 I I I I I I I

— ‘-+K%+‘
[1

-.2 0 .2 .4 .6 .8 /.0 /2
Lift coefficient, CL

(a) a against C~

M

93

90

235

.80

.70

.60

.40

Figure 5.- llYfectsof a @ full-span leading-edge-flap deflection and
partial-span chord-extension on the aerodynamic characteristics in
pitch of a general research model with tail configuration C.
ZH = 25.6 percent semispan; it = 3°.
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*
ZH=256% 4=3°
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.

.

,56

52

.46

.44

.40

.36

.32

28

.08

0

.04

0

M

.70

.60

.40
-2 0 2 4 6 ,6 ID 12-

~ift ~efficient, CL

I I I I I I t 1 I I

, , ,“ I

/f//l I

o .93

0 .90

0 85

0 BO
-2 0 2 # .6 .8 /0 [2

Liff coeffbienf, CL

(d) ~ against CL.

Figure 5.- Concluded.
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ZH=2.5.6% if =“-3°

O L. E exfensbh am’ u’eflectlon

❑ Clean wing

-.2 0 .2 4 .6 .8 10 12

Lift coefff’cieni,CL

(a) a against CL.

—

.

-..—-

.-..
—

Figure 6.- =f ects of a 6° full-span leading-edge-flapdeflection and
partial-span chord-extensionon the aerodynamic characteristics in
pitch of a general research mode~ with tail configuration C!.
ZH = 25.6 percent semispan; it = -3°.
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ltlgure 6.- Continued.
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ZH=25.6% ii-+0
o L.E.exfembn &d deffecfion

a Clean wing

.52

,48

.44

.40

.36

,32

,28

.24

20

./6

.12

.08

04

0

M

.70

.60

.40
72 0 2 4 .6 .8 JO L?

Lift coefficient, CL

o

0

0

0

.

M

93

90

85

i30
-2 0 .2 4 6 .8 m fz--

-~ift coefficient,c’

(d) CD against CL.

Figure 6.- Concluded.
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0

0
28

0 24

20

0

-4

z~= /3.9% i,=3

o LE. extension md deflection

❑ C/eon wing

-2 0 .2 4 .6 .8 1.0 12

b’ft coefficient, C’

(a) a against CL.

M

.93

90

r95

,80

.70

.60

.40

Figure 7.- Effects of a & full-span leading-edge-flap deflection and
partial-span chord-extension on the aer~~ic characteristics in
pitch of a general research model with tiil configuration B.
~ = 13.9 percent semispan; it = 3°.
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ZH =13-9% i, =3”

o L .E. exfensb and deflection

56

,48

.44

40

.32

28

.24

0

04

0

M

.70

.60

.40
-2 0 ,2 4 .6 ,8 ID /2

ii ff me fficienf, CL

-2 0 2 4 6 .8 10
Lift inefficient ,CL

(d) CD against CL.

F@ure 7.- Concluded.
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ZH=13.9% ~ =0°
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A+

-m y

.85

I Ml I I 1X1

I I I lx

-.

.70

/

- .60

+- .40
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-.2 0 .2 4 .6 .8 /.0 /.2

Lift cc49fficienf, CL

.

.

—

.

(a) a against CL.

.

Figure 8.- Effects of a d full-span leadi~-edge-flap deflection and
partial-span chord-extensionon the aerodyrwuml.ccharacteristics in
pitch of a general resewch model ~ith tail configuration B.
~ = 13.9 percent semispan; it = O .
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zH =13.9% it =0°
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Figure 8.- Concluded.
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(a) a against CL.

Figure 9.- Effects of a @ full-span leading-edge-flap deflection smd
partial-span chord-extension on the aerodynamic characteristics in
pitch of a general research model w:th tail configuration B.
~ = 13.9 percent semispsn; it = -3 .
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Figure 9.- Concluded.
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Figure 10.- E$fects of a 6° full-span leading-edge-flap
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Figure 10.- Continued.
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